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HUMAN COMFORT RESPONSE TO 


RANDOM MOTIONS WITH A DOMINANT LONGITUDINAL MOTION 


By Ralph W. Stone, Jr. 


SUMMARY 


The effects of random longitudinal acce1eratlc>ns on passenger ride comfort 
response were examined on the Langley Vlsuel-Mot lor. Simulator. The effects of 
power spectral density shape and frequency ranges from 0 to 2 He were studied. 
This paper presents the data obtained. There existed during this study motions 
In all other degrees of freedom, as well as the Intended longitudinal motion, 
because of the characteristics of the Simula*- ^ These unwanted motions may 
Introduce some. Interactive effects which sh.. < oe considered In any analysis 
of the data. 


INTRODUCTION 


An Increase In short-haul operations using short take-off and landing 
alrcraTt Is expected (ref. (1)). Such operations, which are at low altitudes 
and with relatively low wing loading aircraft, will probably lead to conditions 
of flight where the ride quality will be degraded compared to that experienced 
In current Jet aircraft operations. Accordingly, the consideration of ride 
comfort will probably become Increasingly Important. Understanding and defining 
the problems of passenger acceptance, and developing methods and systems for 
aircraft design that will allow for acceptable ride comfort, are encompassed In 
a NASA program (ref. (2)). This program Includes the simultaneous measurement 
of subjective ride comfort responses and vehicle motions made on both scheduled 
airlines and simulators. 

Much data have been obtained and ride comfort Indices and acceptance 
ratings have been developed based on hviman exposures to the full six degree of 
freedom motion of aircraft (refs. (3), (4), (5), (6), and (7), for example). 

The Interactions of the various degrees of freedom of motion as they affect 
human comfort responses Is not known. The nature of these Interactions Is 
Important to the understanding of the total comfort response. In addition, 
data available for subjective comfort rrsponses to single degree of freedom 
motions exist primarily for sinusoidal oscillations at specific frequencies 
(ref. (8)). 

The Influence of single degree of freedom motions having random oscilla- 
tions typical of those of aircraft In turbulence also Is not known. Typical 
airplane response to turbulence have power spectra shape that decreases 
rapidly beyond 1 to 2 Hertz. However, some response motions of the airplane 
(particularly the angular motion) have a somewhat flatter power spectra shape. 

It Is not known If these different spectral shapes will have a significant 



Influence on the ride comfort. Coneequently, e progrim to measure human comfort 
response ratings in single degree of freedom random motions and the interactions 
of these motions in two, three, and six degrees of freedom using two types of 
power spectra shaprs and three frequency ranges is in progress at the NASA 
Langley Research Center. References (9) and (10) present thn data obtained for 
the studies of the subjective ride comfort response to randum vertical and 
transverse accelerations, respectively. The present paper presents the subjec- 
tive ride comfort response ratings obtained when using oscillations in the 
longitudinal degree of freedom on the Visual-Motion Simulator at Langley (fig. 1) . 


SYMBOLS 


ctandard deviation of ride quality rating 
s 

g acceleration due to gravity 

Hz frequency, cps 


TESTS AND TEST CONDITIONS 


The investigation was initiated to measure human comfort response ratings 
to sing 3 degree of freedom notions and to multiple degree of freedom motions 
using random motions like those experienced in airplane flight. A program was 
developed using 14 separate simulator "flights," eacn flight consisting of 
24 segments. Each of the segments consisted of either a single degree of 
freedom motion, a two-, three-, or six-degree of freedom motion. The segments 
for the six si-igle degrees of freedom (vertical, transverne. longitudinal 
accelerate' ' and pitch, roll and yaw rates) were scattered throughout six 
flights. .,y one single degree of freedom was contained within only two of the 
six flights. The various two degrees of freedom segments were similarly 
scattered throughout four flights. The various three degrees of freedom segments 
were scattered throughout cwo flights, and six degrees of freedom similarly in 
two flights. 

As mentioned previously, typical airplane responses to turbulence have 
power spectra that decreases rapidly beyond 1 lo 2 Hertz. However, some 
responses, particularly for angular motions, have flatter power spectra. In 
order to investigate the effect of spectral shape and the frequency distribution 
of tne response power on ride comfort, six power spectral density distributions 
were developed to drive the simulator. There were two general groups, the first 
termed "typical," having variation with freqnency like those experienced on 
typical aircraft and the second termed "flat" with shallower decreases at the 
high frequencies. In each group, three distinct frequency distributions were 
used; the first with peak pow^r centered between 0 and 1 Hz, the second 
between 0 and 2 Hz, and the third between 1 and 2 Hz. 
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The six power spectra shapes were tailored by filtering the output of a 
random number generator. The nominal shapes of these spectra are shown in 
figure 2. In designing the spectra shapes to suit the simulator characteristics 
the "flat" spectra were not as flat as was Intended and In figure 2 appear 
similar to those of the "typical" spectra. However, the "flat" spectra have 
more power In the 1 to 3 Ha range than the typical spectra for conditions with 
the same peak power. This Increase in power, over the typical spectra, ranges 
from 35 percent for tlie 1 to 2 Hz spectra to 170 percent for the 0 to 1 Hz 
spectra. 

The nominal spectra shown In figure 2 are ucrmallzed to have a peak of 1. 
For the actual motions on the simulator the magnitude was raised for each 
spectra type by adjusting the gain of the Input signal. Four magnitudes were 
examined for each of th' six spectra shapes. Thus, the 24 flight segments 
were developed for use in the study. 

The Langley Visual-Motion Simulator (VMS) Is primarily used for piloted 
flight, stability, control, and display studies, and does not contain a 
passenger compartment. The passengers used In this study sat In the pilot's 
compartment and rode passively, the controls and Instruments being inoperative 
for these experiments. Figure 3 Is an Interior view of the cockpit. Two 
passengers rode each experimental "flight." 

The normal operational envelope of motion frequencies and magnitudes of 
the VMS are presented In reference (2). The largest practicable input 
frequency Is about 3 Hz. As noted In references (6) and (7), the major energy 
In aircraft motions Is In the region of 2 Hertz and less. 

The VMS Is a large mechanical device with six hydraulically operated 
telescoping legs and associated switching valves. The desired motions are 
developed by extending the legs in a prescribed manner. In order to obtain the 
desired motions without exceeding the mechanical limitations of the simulator, 
various control and limiting systems were Incorporated. The simulator, as a 
dynamic device, has Its own natural frequencies and damping, and thus exerts an 
effect on the resulting motion. For precise development of a single degree of 
freedom, the six legs would have to move synchronously. because of friction In 
the hydraulic systems and valves, and variations in the hydraulic pressure. It 
was not possible to produce the precise conditions necessary for one degree of 
freedom. Therefore, the motions developed by the simulator had the longitudinal 
acceleration as the dominant motion with various lesser amounts of the other 
five degrees of freedom present. For these same reasons, the motions were not 
precisely duplicated even for Identical computer Inputs. As a result of the 
dynamic characteristics of the simulator, ths actual notion power spectra 
experienced by the subjects was somsw' **■ different thar rhe nominal spectra 
used as Input to the computer. The four different magnitudes mentioned 
previously were supposed to be alike for each input spectra shape; however, 
because of the dynamic response characteristics of the pimulator, it provided 
different RMS values of the longitudinal accelerations for the different spectra 
shapes. 
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Each "flight" wai flown four to five tlmea lo that 8 to 10 aubjecta 
experienced each notion. Kb theae "fllghta" were not preclaely duplicated, 
the data dlacuaaed In the "Data" aectlon of thla paper are the average valuca of 
the four or five "fllghta" uaed. The atandard deviation of the longitudinal 
accelerat Iona from the average valuea for the varloua aegmenta In tema of 
percent of the average valuea la 6.39 percent. The Mximum deviation waa 
11.06 percent. The actual output of the almulaior for a teat aegment repreaent* 
Ing moat nearly the average output for a given input aegment and, therefore, the 
motlona eaaentlally experienced by the aub]ecta are preaented In flgurea 4 to 9. 
Thoae Include time hlat'rlea for all a lx degreea of freedom, hlatograma of the 
longitudinal acceleration, and prver apectral denaltlea of the longitudinal 
accelerat Iona for the 24 aegmenta of "flight" aa followa: 


Figure 

Spectra ahape 

Frequency range 

4 

Typical 

0-1 Hz 

5 

It 

0-2 Hz 

6 

II 

1-2 Hz 

7 

Flat 

0-1 Hz 

8 

II 

0-2 Hz 

9 

• 1 

1-2 Hz 


The four aegmenta of motion In each figure are for progreaalvely Incrcaalng 
valuea of longitudinal acceleration. 

The reference axla uaed waa relative to the aeated paaaengera and la ahown 
In figure 10. The longitudinal acceleratlona uaed for thla paper were along the 
longitudinal axla ahown In figure 10. The actual motlona of the almulator, aa 
experienced by the paaaengera, were meaaured by an Inertial Inatrument package 
containing three linear accelerometera , one alined with each axla, and three 
rate gyroa alao alined with each axla. 

Aa noted prevloualy, 24 aegmenta of flight were uaed In examining ^ > 
longitudinal degree of freedom. Theae 24 aegmenta were randomly acattt ( « In 
two "fllghta." Each flight waa 36 mlnutea long and conalated of 24, one- and 
one-half minute aegmenta. The aubjecta rated a 20-aecond portion In the center 
of each aegment. A computer -driven buzzer ayatem waa uaed to Identify thla 
center portion of the aegmenta. The aubjecta were Inatructed to conalder only 
thla 20-aecond aegment of "flight" when making their comfort reaponae rating. 

The aubjecta rated the aegmenta on a aeven-atatement acale, aa followa: 

Very comfortable 
Comfortable 
Somewhat comfortable 
Ar' 'ptable 

Somewhat uncomfortable 

Uncomfortable 

Very uncomfortable 


f 
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Many subjective ride comfort indices heve been besed on s five-point numericel 
scsle (see refs. (4») end (7), for exemple). Accordingly, for snelysis purposes 
the seven-stetement reting scsle was converted to numericel velues for a fivu- 
point scale as follows; 


1 - Very comfortable 

2 ■ Comfortable 

2- 1/2 “ Somewhat comfortable 

3 “ Acceptable 

3- 1/2 « Somewhat uncomfortable 

4 > Uncomfortable 

5 • Very uncomfortable 

For the data presented herein, average numerical latlngs for the 8 to 10 
subjects based on this scale and standard deviations from these averages are 
used. 


The subjects, in general, were supplied by the Hampton Institute and 
consisted of a relatively broad spectra of people. For the total program, 
138 passenger "flights" were made using a total of 98 persons. No person 
rode the same flight twice. A general profile of the persona ised on these 
"flights" is shown in table I. 


DATA 


The mean RMS values for all six degrees of freedom of the four or five 
"flights" performed for each input segment along with the mean subjective ride 
comfort response ratings (Rg) are shown in table II. The standard deviation 
of the response ratings for the passenger group on each "fligi.c' segment are 
also shown in table II. Cross -correlation coefficients for the various motion 
components are shown in table III. The four segments of motion on tables II and 
III for each spectra shape are for progressively increasing values of RMS 
longitudinal acceleration. 

As noted previously, the data presented herein are for longitudinal motion 
Inputs and the existence of the other motion components in tables II and III are 
the result of simulator characteristics. Until data is available for each 
degree of freedom of motion and for combined motions, it will not be clear how 
significant the existence of the other motion components are in the subjective 
ride comfort responses presented In this paper. The longitudinal RMS accelera- 
tions varied from about 1.07 to 7.28 times larger than the vertical or 
transverse RMS accelerations that occurred. These can be compared because they 
are similar types of stimulation to the longitudinal RMS acceleration. Because 
the angular RMS velocities are a different form of stimulation than the linear 
accelerations, no comparison as to their relative significance to the longitudinal 
RMS acceleration can be directly made. It should be noted that the values range 
from about 0.39 to 1.60 degrees per second and have an average value of 
0.917 degrees per second. Estlmatefi of thresholas of perception of angular 
velocity (see refs. (11) and (12)) range from about 0.5 to 4.0 degrees per 
second. The values of RMS angular velocity that existed in the experiment to 
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•tudy the response to longltudlnel motion ere therefore neer the estlmetcs of 
thresholds of perception end mey not heve hed Importent Influences on the 
comfort responses of this peper. Any snelysls mede of the dets presented herein 
should melntsln cognlsence of the existence end possible influence of motion In 
thr degrees of freedom other than longitudinal. 

The subjective ride comfort responses presented on table II have an average 
standard deviation for all 24 segments of 0.579. This cong>ares favorably with 
other experiences as, for example, the average standard deviation of the ride 
quality Index for the results of reference (7) Is 0.758 units of response rating. 
The value of 0.579 for this longltudlital acceleration study Is somewhat smaller 
than that for the vertical and transverse motions of references (9) and (10), 
respectively. 

As expected, there is a progressive Increase In response ratings with 
Increasing longitudinal acceleration. The variation (table II) Is not, however, 
a linear function of longitudinal acceleration. The subjective ride comfort 
responses are therefore plotted against the log^Q of the RMS longitudinal 
accelerations for typical power spectra In figure 11 and for flat power spectra 
In figure 12. Thus plotted, the data show a nearly linear variation of the 
response, with the log^o of the acceleration stimulus. This observation Implies 
that the comfort response to RMS longitudinal accelerations conforms to the laws 
of psychophysical responses, wherein the response varfss with the login of the 
stimulus (ref. (13)). 


CONCUDING REMARKS 


A study has been made on the Langley Visual-Motion Simulator to examine 
the Influence oi random longitudinal accelerations on human subjective ride 
C'xnfort responses. The effects of two general shapes of power spectral 
density of the longitudinal acceleration for three frequency ranges In the 0 to 
2 Hz region were examined. The data obtained In this study are presented in 
this paper. Althougli this study was made basically to examine the Influence 
of random longitudinal accelerations, because of the characteristics of the 
simulator there occurred In the study some amounts of motlo.-i In all other 
degrees of freedom. Analysis of these data must maintain cognizance of this 
fact. The response data appear to vary linearly with the log^g 
longitudinal RMS accelerations Indicating congrulty with psychophysical lav. 
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TABLE T. - PASSENGER PROFILE FOR 
VMS RIDE QUALITY PKOCRAM 


Total Pataengera - 9P Peraoni 

Sex Diatrlbulion 



e Number 

X 

Males 

47 

48 

Ff^les 

51 

52 


Afc Dlatrlbution 



Number 

X 

Sex 

Male 

Fcnalc 

18-25 yrs 

55 

56 

44% 

56% 

26-45 yrs 

30 

31 

47% 

53% 

46 “• yrs 

13 

13 

69% 



31% 

L 
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TABLE II.- MEAN RMS VALUES OF MEASURED MOTION COMPONEWS WITH LONGITUDINAL ACCELERATION INPUTS AND 

MEAN RIDE COMFORT RESPONSES. 
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TABLE II,- MEAN KJ6 VALJES OF MEASURED MOTION COMPONENTS WITH LONGITUDINAL ACCELHIATION INPUTS AND 

MEAN RIDE COMFORT RESPONSES (CONTINUED). 
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.0790 .0155 .01833 .9422 1.4175 .6660 3.875 1.061 






















TABLE III.- CROSS -CGRREIAT ION CCWFFTCIENTS OF MOTION C 
LONGITUDINAL ACCEiaiATIOW INPUTS. 
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TABLE III.- CROSS -CORRELATION COEFFICIENTS OF M^iON COHPONENTS WITH 
LONGITUDINAL ACCELERATION INPUTS (CONTINUO)) . 
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Figure 4 M^asurod motion characteristics using longitudinal acc. 
with typical 0-1 Hz inputs. 
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Figure 4 - Continued. 
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(a) Time histories (RMS longitudinal acc Ql 0734 gl. 
Figured - Continued. 
































Acceleration level, g's 

(bl Longitudinal acceleration histogram (RMS longitudinal acc a 0926 g). 

Figure 4 'Continued. 
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Accelerition level, g's 

lb) Longitudinel xceleratlon hlstogram^RMS longitudinai acc 0i06!>$g). 

‘ Figure 4 •Continued. 
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(c) Longitudinal acceleration power spectrur (RWS lonqitudmal acc tt 0164 g). 

Figure 4 -Continued. 
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(c) Longitudinal aaeleration po««r spectrum (RMS longitudinal acc. (L 0326 gl. 

Figure 4 - Continued. 
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(c) Longitudinal acceleration power spectrum (RMS longitudinal acc OL0734 g). 


Figure 4 - Concluded. 
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(b) >ngitudinal acceleration histogram (RMS longitudinal acc. 0. 0900 g). 

Figure Sk - Continued. 
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(c) Longitudinal acceleration power spectrum (RMS longitudinal acc OL 0141 gl. 
Figures. - Continued 
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(c) Longitudinal acceierition power spectrum (RMS longitudinal acc OLlDISgl 

Figures. -Continued. 
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Figure i - Continued 
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(c» Longitudinal acceleration poeier spectrum (RMS longitudinal acc a 0900 gl 

Figured - Concluded 




O' 

c 

o 

si 

*/» 


o> — 

^ s 

w .X 
t9 5 . 


c a 

I * 

E 

■8 

w. 

3 


O/ 

3 

cr> 





























NormallMd frtquency of occurrence 



Normalized frequency of occurrence 



Acceleration level, g*s 

(b) Longitudinal acceleration histograr* (RMS longitudinal acc. a 0343 g). 
Figured - Continued. 
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(b) Longitudinal acceleration histogram (RMS longitudinal acc. a 0798 g). 


Figured - Continued. 
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(a) Tjnie histories (RMS longitudinal acc. 0 0138 qt. 

Figure 7. Measured motion characteristics using longitudinal acc. 
with flat 0*1 Hz inputs. 
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(b) Longitudinal acceleration histogram (RMS longitudinal acc (L i)l38 g). 


Figure?. - Continued. 
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(c) Longitudinal acceleration power spectrum (RMS longitudinal acc 0LO3OI g). 

Figure?. - Continued. 







(c) Longitudinal acceleration ponver spectrum (RMS longitudinal acc QL0727 gl. 

Figure?. - Continued. 
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(c) Longitudinal accelera*'on power spectrum (RMS longitudinal acc QL0666gl. 
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Fi 9 urc 8, Measured motion characteristics using longitud acceleration 

w.rth fla‘ 0-2 Hz inputs. 
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(bl Longitudinal acceleration histogram (RMS longitudinal acc. a0i20gi. 
Figure! - Continued. 
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(b) Longitudinal acceleration histogram (RMS longitudinal acc a 0571 g) 


Figured -Continued. 
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Figure 11.- Variations of ride coafort response with longitudinal accelerations having 

typical power spectra. 





